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Introduction
The high research interest on crystalline microporous materials is boosted by the industrial and environmental applications of molecular separation, gas storage and selective heterogeneous catalysis. 1, 2 Porous coordination polymers (PCPs) have recently emerged as a new class of porous materials with improved properties compared to classical ones, e.g. zeolites, carbons and oxides, such as lack of non-accessible bulk volume, framework flexibility, and designable micropores. 3 These features have attracted a great deal of attention of many researchers in both the academia 4 and the industry, 5 with about one thousand publications per year on 'coordination polymers', as well as many filed patents. 6 PCPs with permanent porosity generally have micropores in the 0.5-2 nm range, behaving as adsorbents and heterogeneous catalysts. Ultramicropores, with a pore size less than 0.5 nm have also been achieved in some cases, 7 giving rise to a series of singular features such as entrance blocking effects, molecular sieving properties and unusually high interaction energies with the ultramicropore walls. These characteristics may lead to special orderings of the confined molecules 7 and, eventually, to unusually specific behaviour as reaction vessels. 8 One of the most outstanding promising uses of PCPs is related to their potential as hydrogen storage materials for mobile applications. 9 Although, relatively large (and optimistic) capacities for hydrogen storage have been reported in the literature, 9
however, most PCPs are characterised by relatively low H 2 heats of adsorption. The latter energy usually lies in the 4.7-7.5 kJ/mol range, 10 rather lower than the estimated 15 kJ/mol value required for reversible H 2 uptake at 298 K and fuel-cell operating pressures between 1.5 and 30 atm. 11 Consequently, it is of high interest the search for alternative PCPs that may exhibit higher enthalpies of adsorption, with minimum penalty in important features such as thermal and mechanical stability. 10, 12 We are currently studying porous metal pyrimidinolates which combine, among other features, permanent porosity with high thermal stability and framework versatility. 13 
Results and Discussion

Synthesis
The base-promoted polymerisation of a suspension of the [Pd(X-Hpymo) 2 16 However, to the best of our knowledge, before our studies, this metal ion has not yet been employed for the construction of crystalline porous coordination polymers. Moreover, the less labile nature of the Pd II ions hampers the crystallisation of the PCPs in the form of single crystals, and leads mainly to the formation of microcrystalline or amorphous solids. As demonstrated below, these polycrystalline materials can be structurally characterised by X-ray powder diffraction (XRPD), using ab-initio techniques 17 and thermodiffractometric measurements.
Crystal structures of the hydrated and anhydrous forms of 2 F
Both the hydrated and the anhydrous forms of 2 F crystallise in the cubic space Figure 1c ).
In the hydrated [Pd(F-pymo) 2 The presence of the fluorine substituent on the pyrimidine ring implies a 2.5% loss in the accessible empty volume of anhydrous 2 F with respect to 2 H (Table 1) , as well as a 30% shrinkage of the β-cage diameter (5.7 Å vs. 8.1 Å).
Thermal behaviour
The thermal performance of the 2 X materials has been studied by thermogravimetry, differential scanning calorimetry and thermal X-ray powder diffraction. These systems easily dehydrate (40-90 ºC), suggesting weak or none interactions between the guest water molecules and the d 8 In addition, the 2 X series possesses a remarkable high thermal stability in a reactive atmosphere of air; indeed, their decomposition temperatures, as high as 370 °C, follow the trend 315 ºC (2 I ), 325 ºC (2 Br ), 330 ºC (2 H ), 370 ºC (2 F ). 8 We have also monitored, by XRPD, the dehydration processes of crystalline 2 H and 2 F , determining the lattice parameter changes during heating. The results, shown in Figure 2a for both compounds, share the same qualitative trend in both cases: a slight cell volume decrease at lower temperatures, attributed to the loss of the guest water molecules, is followed by an increase, due to thermal expansion. As anticipated above, Finally, taking into account the relative small changes in the lattice parameters, it is clear that these porous frameworks do not undergo significant stress during heating, since a ∂lnV/∂T value of only 5.3 10 -6 K -1 can be computed (for 2 F ), falling well below that of other materials of this kind, more than ten times higher. 18 
Gas sorption properties
The gas adsorption properties of the anhydrous 2 X solids towards N 2 , CO 2 and H 2 have been studied in order to determine their textural properties and their potential use for gas separation and storage purposes. Figure 3 shows the adsorption isotherms of N 2 at 77 K for the 2 H and 2 F PCPs.
2 H displays a type I-IV hybrid shape isotherm, with a hysteresis loop (type H1) at relative pressures above 0.8, with is attributed to textural mesoporosity arising from interparticle (voids) mesopores. The isotherm also exhibits a sharp knee at low relative pressures (p/po ~ 0.01), followed by a plateau (corresponding to the filling of the monolayer), indicating that the permanent porosity of the sample is mainly composed of micropores, of rather uniform size. The 2 F sample shows a typical type I isotherm, with a steep rise at low relative pressures, confirming the presence of micropores and the absence of mesoporosity from interparticle condensation. Moreover, a pronounced difference is observed: the isotherm of 2 F is characterized by an upward step located in the range 0.01 < p/po < 0.05, along with a hysteresis cycle in the desorption branch at the same relative pressures range. Similar stepwise and hysteretic gas adsorption has been previously reported in certain highly crystalline samples such as zeolites and carbons obtained via template methods 19 , and porous metal organic frameworks. 20, 21 9
The origin of this unusual behaviour has not yet been clarified and various hypotheses have been proposed. Some authors suggest that it might be linked to blocking effects 22 -that in our case would be exerted by the fluorine residues of the βcage hexagonal windows defined by the metallacalix[6]arene (Figure 1) , to "breathing" or "swelling" effects in the flexible framework of the PCP, 3, 4 or linked to a phase transition in the nitrogen adsorbate. 20 The position of the low-pressure hysteresis loop has also been related to the presence of defects in the crystals 19 .
The nitrogen adsorption data displayed in logarithmic scale in Figure 3 , shows that both isotherms are somewhat parallel at low relative pressures (Henry's law region), being the uptake higher in 2 F . On the other hand, the isotherms practically superimpose at p/po> 0.05, after filling of the monolayer; this behaviour suggests stronger interactions between the adsorbate and the framework in the 2 F counterpart. The CO 2 adsorption measurements indicate that the whole 2 X series possesses permanent porosity in the microporous-ultramicroporous region, which is in good agreement with the shapes of the nitrogen adsorption data (see Figure 4 ). The amount of CO 2 adsorbed at 293 K and 650 torr follows the trend 10 cm 3 g -1 (2 I ), 18 cm 3 g -1 (2 Br ), on the chromium/aluminium metalorganic framework MIL-53 (35 kJ/mol), 25 and close to the values for aluminosilicate zeolites (50-70 kJ/mol). 26 δlnP δ(1/T) N q st = -R (1) 11 These results also confirm those obtained from nitrogen adsorption; assuming that both samples present almost the same porous network, the larger quadrupolar moment of the CO 2 molecule might interact with the F atoms and thereby the adsorption is stronger and the uptake is higher. In the case of nitrogen its quadupolar moment is considerably smaller, although it seems to be also "perturbed" by the fluorine atoms. Figure 5 shows the H 2 adsorption isotherms corresponding to 2 H and 2 F PCPs at 77 K and 90 K. Since hydrogen is a supercritical gas at these temperatures, its adsorption isotherms are of type 1. Moreover, their fully reversible character indicates that only physisorption in the micropores is occurring and that there is a lack of irreversible interactions with the metallic centers on the framework. It is noteworthy the steeper slope of the 2 F isotherm in the low pressure range, suggesting again stronger interactions compared to 2 H . Noteworthy, the two species possess a relevant capacity of H 2 storage at 77 K and 900 torr: ca. Although some of the values of hydrogen storage capacity at 77 K for PCPs are high, the relatively low H 2 adsorption heats could be a limitation for room temperature use at safe pressures (see above). 10 In order to evaluate the energy of the H 2 -PCP interaction we have calculated the isosteric heats of adsorption for 2 H according to the Clausius- Long step-scans, with ∆2θ = 0.02°, were performed overnight in the 5 < 2θ < 105° range, at r.t. for the the hydrated form, at 130 °C for the anhydrous one, taking advantage of the heating-stage.
Visual inspection of the acquired diffractograms suggested isomorphism with the 2 H phases, thus prompting us to adopt Pn-3m as the probable space group, and a = 16.3 Å as the initial cell parameter, subsequently checked with Le Bail refinements with Topas-R. 33 The space group and cell choices were definitely confirmed by successful solutions and refinements. The structure models were base on those derived by using the simulated annealing 34 technique implemented in Topas-R for the pristine 2 H phases.
The F-pymo ligand was treated as a rigid body, by applying mean bond distances and angles derived from the literature (C-C, C-N = 1.35 Å, C-H = 0.95 Å, C-O = 1.25 Å, C-F = 1.35 Å). The final refinements were performed by the Rietveld method using 14 Topas-R. In order to stabilize convergence to a chemically sound model, a soft restraint on the Pd-N bond distance (1.95 Å) was introduced and the description of the organic ligand as a rigid body maintained. Peak shapes were described by the fundamental parameters approach. 35 The experimental background was fit by a polynomial description. Systematic errors were modelled with sample-displacement angular shifts.
Metal atoms were given a refinable, isotropic displacement parameter ( The high H 2 uptake, combined with high adsorption energies, is indicative of an optimal size of the pores and of the presence of highly exposed metal centers in the porous frameworks. This unusual characteristics turns out in extremely high volumetric capacities for hydrogen storage, that is of paramount importance for practical applications.
We have further completed the characterization of the [Pd(X-pymo) 2 ] n PCPs, not only adding experimental observations based on thermodiffractometric measurements, 15 but also demonstrating, and interpreting, their framework rigidity and stability, which are important technological requirements for the safe and long-lasting usage of devices or storage tanks derived therefrom.
Comparison with the analogous [M(X-pymo) 2 ] n diamondoid PCPs, based on tetrahedral, and not square planar, metal geometry, has further shown how the halogen size and nature differently affect the formation of isomorphous series, stabilizing, or unfavouring, the Br and I-pymo derivatives.
Work can be anticipated in the direction of preparing and characterizing, in their peculiar sorption functional properties, new F-pymo derivatives with more flexible ions, like copper(II), or less rigid topological arrangements. 
